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Abstract
Background: Little research has been conducted to examine the relationship between education
level and functional limitations among Japanese community residents. We sought to examine the
association between education level and physical functional limitations among Japanese men and
women, and whether that association was modified by gender and history of stroke.
Methods: We examined prevalence of physical functional limitation by educational level using the
data from a total of 29,134 Japanese men and women aged 50–69 years living in communities in
2000. The information of educational level (junior high school graduates, senior high school
graduates, college and/or higher education) and physical functional limitations (no need for
assistance, need for assistance when going outdoors, and need for assistance to carry out indoor
activities) were obtained by self-administrated questionnaire.
Results: The proportions of the subjects reported their highest level of schooling were 48% for
junior high school, 39% for high school, and 13% for college. Three hundred and twenty eight
subjects (1% of total subjects) reported having some physical functional limitations. Multinomial
logistic regression analyses showed that the odds ratio of needing assistance to carry out indoor
activities were 4.84(95%CI:3.61,6.50) for lowest education level group and 2.21(95%CI:1.00,4.86)
for middle education level group compared to highest education level group. The corresponding
odds ratios of needing assistance when going outdoors were 2.36(95%CI: 2.03,2.72) and
1.08(95%CI:0.73,1.60), respectively. Further, the significant excess prevalence of having functional
limitations associated with the low education level was identified for men regardless of history of
stroke and for women without history of stroke.
Conclusion: Low education level was associated with the higher prevalence of physical functional
limitations for both genders. That association among persons with history of stroke was observed
for men but not for women probably due to gender differences in stroke subtypes and social
support.
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Background
Japan is one of the most rapidly aging countries in the
world [1]; the number of elderly who were certified as
being in need of care has been rapidly increasing since the
governmental long-tem care insurance system was intro-
duced in 2000 [2]. Recent epidemiological studies in
Europe and the United States reported that lower educa-
tion level was associated with poorer functional limita-
tion level among elderly [3,4]. In Japan, however, few
studies have been conducted to examine the relationship
between education level and functional limitations.
Educational attainment is a strong factor in the formation
of social consciousness regarding social stratification in
Japan [5,6], and differences in educational levels contrib-
ute to health inequalities [7-9]. Low educational levels has
been associated with cognitive impairment [10],
unhealthy behaviors [9], and history of falling [11], which
lead a hypothesis that unequal prevalence of physical
functional limitation by education level could exist in
Japan.
Stroke is one of the major reasons for functional limita-
tion among elderly in Japan; 30% of people who have
functional limitations reported an onset of stroke as a
main reason for functional limitation [12]. Based on this
fact, it is hypothesized that different risk of stroke inci-
dence by education level could be one of the possible
mechanisms for unequal prevalence of functional limita-
tions by education level. There is some evidence to suggest
that people with low socioeconomic status were likely to
develop severer stroke [13,14], to have dependency for
activities of daily living at 28 days after stroke's onset [15]
and longer-term disability [14,15], compared to those
with high socioeconomic status.
A recent study also showed that low socioeconomic status
led limited access to therapeutic measures of acute stroke
care [16]. Limited access to rehabilitation and material
and psychosocial resources were suggested as possible
mechanisms for unequal distribution of functional limi-
tation after stroke [13]. Therefore, we hypothesized that
the association between education level and functional
limitations may also exist among stroke patients. As far as
we know, no study has been conducted to examine the
association between education level and prevalence of
functional limitations, paying attention to prognosis after
stroke in Japan.
The aim of this study was to conduct a cross-sectional
examination of the associations between education level
and functional limitations among Japanese community
residents. The hypotheses for this study were 1) men and
women with low educational attainment would be more
likely to have physical functional limitations compared to
those with high educational attainment, and 2) those
associations would be observed regardless of history of
stroke. This study will have implications for how the edu-
cational background is related to inequalities in the phys-
ical limitations arising as a result of stroke. For example,
health education programs focusing on people with low
education level would reduce gap in incidence of func-
tional limitation by education level, while policies assur-
ing equal access to resources for medical treatment,
rehabilitation, and psychosocial supports would reduce
the inequalities in prognosis.
Methods
Subjects
We used the data from the Japan Public Health Center-
based Prospective (JPHC) Study consisting of 54,498 par-
ticipants registered in 14 administrative districts on Janu-
ary 1, 1990. The sampling design and procedures have
been described in detail elsewhere[17]. This study was
approved by the human ethics review committees of the
National Cancer Center.
The baseline self-administered questionnaire was distrib-
uted to 54,498 registered non-institutionalized commu-
nity residents who were 50–69 in 2000, and 43,149
participants returned their questionnaire with a response
rate of 79%. A self-administered follow-up survey was
conducted for all baseline participants in 2000. Eventu-
ally, 36,213 participants completed follow-up survey for a
response rate of 84%.
This study focused on the participants at the follow-up
survey who provided data of physical functional limita-
tions. We used the data on educational attainment levels
at the baseline survey which would be unlikely to be
changed at the follow-up survey. Thus, this study is con-
sidered as a cross-sectional study. The number of subjects
for this study was 29,134.
Measurements
Physical functional limitations
Physical functional limitation was measured by the self-
administered questionnaire in 2000 as an ordinal variable
(Table 1). The physical functional limitation scale was
divided into three levels: no need for assistance (0–2),
need for assistance when going outdoors (3–4), and need
for assistance to carry out indoor activities (5–8). We fur-
ther created a binary outcome, having physical functional
limitations, by combining needing assistance when going
outdoors and need for assistance to carry out indoor activ-
ities.
Education level
Education level was measured by self-administered ques-
tionnaire in 1990. The subjects reported their age of edu-BMC Public Health 2009, 9:131 http://www.biomedcentral.com/1471-2458/9/131
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cation completed, which were categorized into three
groups: age 14 and younger (0), age 15 to 17 (1), and age
18 and older (2).
History of stroke
History of stroke was determined from responses for the
self-administered questionnaire in 2000 as well as from
surveillance data on stroke incidence. The surveillance
procedures have been described in detail elsewhere [18].
We considered the subjects who reported to have history
of stroke on the questionnaire and/or those who were
confirmed to have suffered stroke by the surveillance data
on stroke incidence as subjects with history of stroke.
Statistical analyses
We used multinomial logistic regression analyses with a
generalized logit model to calculate the age-and gender-
adjusted odds ratios (ORs) and 95%confidence intervals
(CI) for 3-level physical functional limitations by educa-
tion level [19]. We further conducted stratified analysis by
age groups.
We performed ordinal logistic regression analyses strati-
fied by history of stroke by combining the highest and the
middle educational groups in order to improve statistical
stability. We calculated the age-adjusted ORs (95% CI) for
having physical functional limitations according to edu-
cation level depending on history of stroke. In addition,
we further stratified it by gender.
Results
The selected characteristics of the study population, con-
sisting of adults (50–69 years of age in 2000) who pro-
vided with complete information on age, gender,
educational attainment, and physical functional limita-
tions (n = 29,134) are presented in Table 2. The propor-
tions of the subjects reported the age of education
completed were 48% for age of 14 and younger, 39% for
age of 15 to 17, and 13% for age of 18 and older. The pro-
portions of the subjects who reported having some physi-
cal functional limitations (1.1%), needing assistance to go
outdoors (0.8%), and needing assistance to carry out daily
living activities indoors (0.3%). Approximately half
(47%) of the subjects were men and their mean and
median age was 59 years, the majority (77%) were mar-
ried, and the proportion of the subjects who reported hav-
ing a history of stroke was 3%.
Older age, non-married status, and history of stroke were
inversely associated with educational level for both men
and women, while alcohol intake was positively associ-
ated with education level. For men, smoking status was
associated with education level; the prevalence of current
smoker was higher among men with lowest education
level compared to those with higher education level
(Table 2).
For both genders, education level and alcohol intake were
inversely associated with physical functional limitations,
while age, non-married status, and history of stroke were
positively associated with them. For men, current smok-
ing was inversely associated with physical functional lim-
itations (data not shown).
Table 3 presented the results of multinomial logistic
regression analyses, showing the relationship between
education level and physical functional limitation. The
odds ratios (ORs) (95% confidence intervals (CI)) for
physical functional limitations were adjusted for age and
gender compared to no need for assistance. The odds ratio
for needing assistance to carry out indoor activities was
4.84 (95%CI: 3.61, 6.50) for the lowest educational group
and 2.21 (95%CI: 1.00, 4.86) for the middle educational
group relative to the highest educational group. The corre-
sponding odds ratios for needing assistance to go out were
2.35 (95%CI: 2.03, 2.72) and 1.08 (95%CI: 0.73, 1.60).
Table 1: Physical Functional Limitation Measurement Scale
No need for assistance
0: No physical functional limitations
1: Go outdoors without assistance, using public transportation with some physical functional limitations
2: Go outdoors without assistance within the neighborhood with some physical functional limitations
Need assistance when going outdoors but able to carry out indoor daily living activities indoors without assistance
3: Get out of bed completely without assistance and go outdoors sometimes with assistance
4: Stay in bed sometimes and go outdoors less frequently
Need assistance to carry out most of daily living activities
5: Get into wheelchair without assistance, and eat meals and use the toilet out of bed.
6: Need assistance to get into wheelchair
Bed-bound and eat meals, change clothes, and use the toilet with assistance
7: Can roll over without assistance
8: Cannot roll over without assistanceBMC Public Health 2009, 9:131 http://www.biomedcentral.com/1471-2458/9/131
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The results of stratified analysis by age group showed sim-
ilar results between two age groups, although the magni-
tude of odds ratios tended to be greater among older age
group compared to younger age group.
Table 4 shows that adjusted odds ratios of having physical
functional limitations stratified by history of stroke. The
odds ratios of having physical functional limitations for
low education group relative to high education group
were 2.07 (95%CI: 1.54, 2.80) for men and women with-
out history of stroke and 1.85 (95%CI: 1.19, 2.89) for
those with history of stroke. Further stratified analysis by
gender showed that the respective odds ratios were 1.84
(95%CI: 1.19,2.88) and 2.20 (95%CI: 1.28, 3.80) among
men, and 2.32 (95%CI: 1.53, 3.53) and 1.27 (95%CI:
0.59, 2.73) among women.
Discussion
This study showed that lower education level was associ-
ated with the higher prevalence of having physical func-
tional limitation for both Japanese men and women
which was consistent with the findings from previous
studies in Europe and the United States [3,4]. In addition,
the excess prevalence of having physical functional limita-
tions was identified among men regardless of history of
stroke, while the significant excess prevalence was
observed among only women without history of stroke.
The associations between education level and physical
functional limitations seem to be dichotomous rather
than linear at least for the less severe functional limitation
since our results did not show any significant difference in
the odds of needing assistance when going outdoors
between the high school graduates group and the higher
education groups. On the other hand, we found relatively
linear associations for the more severe physical functional
Table 2: Selected demographic characteristics of study participants, by gender, Japanese Public Health Center Cohort study 1.
Male (n = 13,778) Female (n = 15,356)













Physical functional limitation 
level.
Need assistance when going 
outdoors
68 (1.1) 28 (0.5) 8 (0.4) <.0001 92 (1.2) 23 (0.4) 10 (0.6) <.0001
Need assistance to carry out 
daily living activities indoors
40 (0.7) 18 (0.3) 2 (0.1) 31 (0.4) 7 (0.1) 1 (0.1)
Age group
50–59 2,529 (41.1) 3,252 (57.0) 1,190 (61.9) <.0001 3,185 (40.1) 3,287 (57.7) 1,158 (67.5) <.0001




1,272 (20.7) 747 (13.1) 222 (11.6) <.0001 2,766 (34.8) 1,283 (22.5) 390 (22.7) <.0001
History of stroke
Yes 260 (4.2) 197 (3.5) 53 (2.8) 0.005 179 (2.3) 75 (1.3) 29 (1.7) 0.0003
Smoking
Never smoker 1,913 (31.2) 1,671 (29.4) 592 (30.9) <.0001 7,471 (94.8) 5,398 (95.2) 1,603 (94.1) 0.09
Past smoker 1,709 (27.8) 1,647 (29.0) 625 (32.6) 34 (2.0) 68 (1.2) 34 (2.0)
Current smoker 2,516 (41.0) 2,364 (41.6) 699 (36.5) 308 (3.9) 201 (3.6) 66 (3.9)
Physical activities
Almost none 2,108 (49.3) 1,787 (39.3) 628 (38.1) <.0001 2,480 (46.9) 1,708 (41.0) 567 (41.1) <.0001
1–3 times/month) 893 (20.9) 1,334 (29.4) 516 (31.3 887 (16.8) 817 (19.6) 286 (20.7)
More than once/week 1,271(29.8) 1,423 (31.3) 506 (30.7) 1,925 (36.4) 1,641 (39.4) 527 (38.2)
Alcohol intake
Drinker 4,468 (73.0) 4,556 (80.2) 1,533 (80.0) <.0001 1,450 (18.4) 1,555 (27.4) 521 (30.7) <.0001
Quitter 472 (7.7) 106 (5.5) 287 (5.1) 107 (1.4) 54 (1.0) 28 (1.7)
Non drinker 1,182 (19.3) 838 (14.8) 277 (14.5) 6,314 (80.2) 4,057 (71.6) 1,151 (67.7)BMC Public Health 2009, 9:131 http://www.biomedcentral.com/1471-2458/9/131
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Table 3: Multinomial regression for educational level on physical functional limitation level and stratified by age group.
Age of education completed







Needing assistant to carry out indoor activities
n of cases 71 25 3
Adjusted OR (95% CI) 4.84 (3.61, 6.50) 2.21 (1.00, 4.86) 1.00
Needing assistant when going out
n of cases 231 76 21
Adjusted OR (95% CI) 2.35 (2.03, 2.72) 1.08 (0.73, 1.60) 1.00
AGE 50–59 5,714 6,539 2,348
Needing assistant to carry out indoor activities
n of cases 21 7 1
Adjusted OR (95% CI) 3.65 (1.67, 7.99) 1.68 (0.44, 6.46) 1.00
Needing assistant when going out
n of cases 58 18 11
Adjusted OR (95% CI) 1.52 (0.14, 16.3) 0.39 (0.07, 2.27) 1.00
AGE 60–69 8,387 4,857 1,289
Needing assistant to carry out indoor activities
n of cases 50 18 2
Adjusted OR (95% CI) 5.40 (3.00, 9.74) 2.48 (0.84, 7.29) 1.00
Needing assistant when going out
n of cases 173 58 10
Adjusted OR (95% CI) 2.39 (0.29, 20.0) 1.33 (0.27, 6.52) 1.00
Adjusted OR = age and gender adjusted odds ratios
Table 4: Adjusted odds ratios of having physical functional limitations from logistic regression models
ALL MEN WOMEN
Age of education 
completed
14 and younger 
14,101
15 and older 
15,033
14 and younger 
6,154
15 and older 7,624 14 and younger 
7,947
15 and older 7,409
History of 
stroke
NO (n) 13,624 14,659 5,873 7,364 7,751 7,295
n of cases 152 64 56 34 96 30
Age adjusted 
OR (95%CI)
2.07 (1.54, 2.80) 1.00 1.84 (1.19, 2.88) 1.00 2.32 (1.53, 3.53) 1.00
Multivariate OR 
(95%CI)
1.95 (1.44, 2.63) 1.00 1.66 (1.07, 2.84) 1.00 2.22 (1.46, 3.39) 1.00
YES (n) 477 374 281 260 196 114
n  o f  c a s e s 7 93 35 22 22 71 1
Age adjusted 
OR (95%CI)
1.85 (1.19, 2.89) 1.00 2.20 (1.28, 3.80) 1.00 1.27 (0.59, 2.73) 1.00
Multivariate OR 
(95%CI)
1.82 (1.17, 2.86) 1.00 2.05 (1.18, 3.56) 1.00 1.30 (0.60, 2.81) 1.00
Multivariate OR = age and marital status adjusted odds ratios.BMC Public Health 2009, 9:131 http://www.biomedcentral.com/1471-2458/9/131
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limitation. This suggests that differences in physical func-
tional limitations according to education level may be
enhanced for more severe physical functional limitation.
According to the results of stratified analysis by gender
and age group, no age group difference was identified in
the association between education level and functional
limitations.
The present study identified that education level was
inversely associated with prevalence of physical func-
tional limitation among Japanese men and women.
Although it was not our aim, we explored the possible
mechanism for this phenomenon. The age and gender
adjusted odds ratio for needing assistance to go out for the
lowest educational group (2.04; 95% CI: 1.60, 2.60) was
attenuated by adjustment for marital status, smoking
behavior, drinking behavior, and medical history of
stroke (1.77; 95% CI: 1.37, 2.28). This suggested that psy-
chosocial and behavioral factors could have mediated
some of the association between education level and func-
tional limitations, although this interpretation was lim-
ited due to cross-sectional study design.
The stratified analysis by history of stroke showed that the
unequal distribution of functional limitation according to
education level was identified among Japanese commu-
nity residents regardless of history of stroke. Lower educa-
tion level associated with higher prevalence of having
physical functional limitations among people without
history of stoke may be explained by the unequal distribu-
tion of risk factors for physical functional limitations
other than stroke, such as broken bones, dementia, and
arthritic disorder [12]. Indeed, Matsuda et al[11] found an
inverse association between education level and the prev-
alence of history of falling among Japanese elderly, while
Liang et al[10] reported that less educated individuals
were more likely to become cognitively impaired in a 3-
year cohort study conducted in Japan. For unequal distri-
bution of functional limitations among people with his-
tory of stroke, the differences in the severity of stroke
[13,14], the level of functional recovery from stroke
[14,15], the level of stroke care [10,20] depending on edu-
cation level could be plausible reasons. Further studies are
needed to examine possible explanations for the unequal
prevalence of functional limitations by education level.
The results of further stratification by gender suggested
gender differences in the prognosis of stroke between men
and women. The excess prevalence of having functional
limitation existed among men with low education level
regardless of history of stroke. On the other hand, the
excess prevalence of having functional limitation was
identified only among women without history of stroke;
smaller and not significant excess prevalence of functional
limitation was identified among women with history of
stroke.
Possible explanations for that gender difference could be
due to differences in stroke subtypes between genders. In
Japan, men had the higher proportion of ischemic stroke
that often resulted in physical functional limitation more,
compared to women [21]. That may be a reason for
greater inequalities in physical functional limitations by
education level among men than women.
Another explanation could be differences in social sup-
port from their spouse between genders. The proportion
of men with history of stroke who had spouse were 79.2%
for lowest education group, 88.3% for middle education
group, and 94.3% for highest education group (p =
0.003), while women with history of stroke had 59.2%,
66.7%, and 69.0%, respectively (p = 0.40). This suggested
that men with history of stroke have relatively higher pro-
portion of having spouse and the proportion was more
significantly different by education level compared to
women. Previously conducted studies indicated that
social support has been linked to improved functional
recovery after stroke [22-24]. In addition, Ikeda et al. [25]
showed that social support was associated with the higher
risk of stroke mortality but not incidence for Japanese
males and they suggested that social support may be a cru-
cial factor for recovery from stroke especially for men. The
proportion of having spouse, who was supposed to pro-
vide crucial social support, was different by education
level among men with history of stroke and their progno-
sis from stroke may be influenced by social support more
than among female counterparts. In the present study,
additional adjustment by marital status attenuated but
did not delete the excess prevalence of having physical
functional limitation among men with low education
attainment. Direct and reliable measure for social support
could be necessary to examine the mediating effect of
social support by spouse. Social support by friends and
neighbors could also be crucial factors, in particular for
women. However, unfortunately we did not have the data
in the present study.
Moreover, education level may not be an equally-precise
measure as an indicator of social stratification for men
and women; household income or husband's educational
level could be more appropriate indicator for social strat-
ification for women [26]. It is also possible that small
number of female cases may explain no significant associ-
ation between education level and physical functional
limitation.
The present study was one of the few studies examining
the association between education level and physical
functional limitation among Japanese men and womenBMC Public Health 2009, 9:131 http://www.biomedcentral.com/1471-2458/9/131
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using a large group of Japanese community residents. Des-
pites the strengths, our findings should be interpreted
with several limitations in mind. Firstly, our study was
limited to a single self-reported measurement of physical
functional limitation. Secondly, our study was considered
to be a cross-sectional study.
Conclusion
In conclusion, the present study showed that lower educa-
tional attainment level was associated with higher preva-
lence of having physical functional limitations for both
male and female Japanese community residents, and
those without history of stroke. However, that association
among persons with history of stroke was observed for
men but not for women. This gender difference could be
due to differences in stroke subtypes and social support.
Abbreviations
(ORs): odds ratios; (95%CI): 95% Confidence interval.
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